Abstract-In the mesencephalon of the chicken, the two large groups of CA terminals and fibers appeared to correspond to the dorsal and ventral bundles of the CA
containing fibers in the rat.
These ran rostrally in the medial forebrain bundle and appeared to terminate within the thalamus, hypothalamus, preoptic region and corpus striatum. 5-HT containing terminals and fibers also were observed in the mesence phalon and appeared to run rostrally in the medial part of the medial forebrain bundle.
In comparison with the CA terminals, however, 5-HT terminals were for the greater part, difficult to observe in many areas of the brain. Based on the ob servation concerning postnatal ontogeny of monoamine-containing neurons, the chicken brain appears to acquire behavioral and functional maturity at an earlier stage after birth than does that of the rat. Effect of reserpine, nialamide, L-Dopa and 5-HTP on the monoamine-containing terminals and fibers are briefly discussed.
In a previous paper we reported that the central nervous system of the chicken contains a monoamine neuron system of two distinctly different types, one being a primary catechol amine (CA) type and the other 5-hydroxytryptamine (5-HT) type and the distribution of the monoamine-containing cells was described (1) . The chief aim of the present paper is to establish the topographical distribution of the monoamine-containing terminals and fibers in the central nervous system of the chicken.
MATERIALS AND METHODS
Experiments were carried out by using 71 male White Leghorn chickens 2 days to 15 weeks of age, weighing from 30 to 1500 g. Among them, 43 animals had been treated with various drugs relating to the metabolism or the storage of monoamines.
The brain and the spinal cord were examined by a histochemical-fluorescent method.
The specimens were freeze-dried, treated with formaldehyde gas, embedded in paraffin, sectioned, mounted and examined as previously described (1) .
The terminology of the central nervous system used in this text follows the description of Jungherr (2) .
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RESULTS

Spinal cord
Terminals of the CA type: A few very fine, varicose terminals were present in the lateral part of the dorsal horn at all levels of the chicken spinal cord. In the thoracic cord, a few terminals of similar appearance were found scattered around the central canal, es pecially in the columna preganglionica Terni the cells of which are regarded as the pre ganglionic origin of the sympathetic nervous system. In contrast to the gray matter, the white matter of the spinal cord contained no fluorescent terminals. It must be pointed out that the CA terminals in the chicken spinal cord are less in number and finer in size as compared with those in the rat spinal cord (3, 4) .
Terminals of the 5-HT type: Typical terminals with a varicosity were not observed anywhere in the spinal cord in either normal or nialamide (monoamine oxidase inhibitor) treated animals. A mass of very fine or diffuse terminals which became intensified after administration of nialamide and disappeared after reserpine treatment were present in the ventral horn, especially around the motor cells.
Cerebellum
Although it is known that there are relatively small amounts of CA and 5-HT (5), monoamine-containing nerve terminals were not observed. This is attributed to the presence of very fine, sub-microscopical terminals.
Medulla oblongata and Mesencephalon
Distribution of both CA and 5-HT containing terminals are described with regard to the following subjects; (1) nucleus raphis, (2) olivary and reticular nuclei, (3) nuclei and root fibers of cranial nerves and (4) the rest nuclei and regions.
Terminals of the CA type (1) Nucleus raphis: This nucleus could be observed from the level of the nucleus commissurae infimae up to the level of the caudal of the nucleus trochlearis (Charts 1-3). CA containing terminals were present in the middle part of the nucleus raphis or in the level of the nucleus abducens major and made very close contacts with 5-HT nerve cells belonging to group B2 with non-monoamine cells. On the other hand, the remainder of the nucleus raphis was devoid of CA terminals.
Fic. 1. Distribution of monoamine-containing neurons in chicken brain.
Chart 1 : Transverse section through the medulla oblongata at the level of the nucleus vagus motorius dorsalis.
Chart 2 : Transverse section through the medulla oblongata at the level of the nucleus abducens major.
Chart 3 : Transverse section through the medulla oblongata at the level just behind the nucleus trochlearis.
Chart 4 : Transverse section through the mesencephalon at the level of the nucleus trochlearis. (2) Olivary and reticular nuclei: Fine, varicose terminals were present in a rela tively high density between the nucleus olivaris superior pars dorsalis and the lemniscus spinalis but had no close contact with the cell bodies of the nucleus olivaris superior pass dorsalis (Chart 2). The other olivary nuclei, i.e. nucleus olivaris superior pars ventralis and nucleus olivaris inferior did not contain any terminals. The CA terminals were found to be sparse throughout the reticular formation and especially dense in the mesencephalon.
(3) Nuclei and root fibers o/' cranial nerves: Among the nuclei of the cranial nerves, the nucleus vagus motorius dorsalis contained the greatest number of CA terminals (Chart I, Fig. 2-1 ) and the cell bodies made contact with the CA terminals. Just dorso-lateral, dorsal and dorso-medial to the nucleus vagus motorius ventralis (homologus with nucleus ambiguus) there were a relatively large number of the CA terminals and fibers but the cell bodies were not in close contact with the CA terminals. It was also observed that there were a few CA terminals distributed in the nucleus facialis motorius ventralis (Chart 2).
Moreover, there were a few CA terminals just medial to the nucleus oculomotorius ac cessorius, although none of the CA terminals had contact with the cell bodies (Chart 6).
Terminals were absent in other nuclei and root fibers of the cranial nerves.
4) Rest nuclei and areas:
The fasciculus solitarius contained a very large number of CA terminals (Chart 1, Fig. 2-1 ) which appeared to derive mainly from groups A2 and A1. In the more caudal direction, a part of these terminals crossed in the obex and de scended to the spinal co:d. CA terminals were found to he sparse throughout the reticular formation hut were present mainly within two areas: one was the dorso-lateral part of the tegmentum from the rostral level of the medulla oblongata to the middle level of the mesencephalon (Charts 3 and 4, Fig. 2-? ). It was observed that the longitudinal axons originating from A5 cell group in the nucleus tegmentalis dorsalis (probably homologue to nucleus coeruleurs) ran toward a cluster of these terminals and joined them. Another terminal area was situated in the just dorsal part of the nucleus ectomamillaris at the level of the nucleus oculomo torius (Chart 6). These terminals received mainly the longitudinal axons from the CA cells on the same level. A very large number of the CA terminals were present in the nucleus mesencephalicus pars ventralis but there were few in the nucleus mesencephalicus pars lateralis. The nucleus lemnisci lateralis, nucleus semilunalis and nucleus interpeduncularis con tained very fine terminals, while the nucleus ruher and nucleus ectomamillaris had no terminals which is in contrast to the findings in the pigeon (6).
The nucleus isthmo-opticus did not contain any terminals but was surrounded by a few terminals. The inner layer of the tractus isthmo-opticus contained a small number of CA terminals, while the outer layer was quite devoid of fluorescence (Chart 5). A large number of very fine terminals was present in the superficial layers of the tectum opticum but only a few in the periventrucular region (Charts 5 and 6).
Terminals o/ the 5-HT tl•pc In chickens, 5-HT containing cells were demonstrated without any treatment and increased markedly in the fluorescence intensity after nialamide treatment (1). However, except for a few limited areas their terminals were hardly visible even after administra tion of nialamide. The same was true of those in the diencephalon and telencephalon. Apparently these 5-HT terminals are too fine to detect using this particular histochemical technique.
A large number of 5-HT longitudinal axons, which could be observed distinctly even in untreated animals, originated from B6, B7 and probably B8 of 5-HT containing cell groups which were present in the mesencephalon and ran rostrally and laterally. At the level of the nerves oculomotorius, the axonal bundle was found in the areas be tween the nucleus mesemcephalicus profundus pars ventralis and the nerves oculomo torius, and appeared to be composed of the medial part of the medial forebrain bundle which represents the main pathway of the ascending system to the thalamus, hypothalamus and corpus striatum etc.
Diencephaloll
Terminals of the CA type 1) Epithalallnrs: Although CA terminals were not observed in the nucleus habenu laris medialis pars dorsolateralis and nucleus habenularis lateralis, the nucleus habenularis medialis pars ventromedialis contained a few fine and varicose terminals (Charts 7 and 9). Just below these nuclei, the CA terminals took on the appearance of a narrow hand. IN CHICKEN BRAIN 837 CA fibers having typical varicosities were also visible in the commissura posterior. 2) Thalamus: Fine, varicose terminals were found scattered within the nucleus dorsolateralis posterior and anterior, and the nucleus dorsomedialis posterior and an terior. The periventricular zone of the thalamus contained a small number of the CA terminals.
In contrast to the findings in the pigeon (6), the nucleus ovoidalis and nucleus geni culatus did not contain any visible CA terminals, and the nucleus rotundus had only a few, fine terminals (Chart 7).
3) Hypothalamus: The nucleus paraventricularis hypothalamicus and the peri ventricular zone (nucleus periventricularis arcuatus) contained abundant CA terminals (Charts 7 and 8). The non-fluorescent cell bodies in these regions made close contact with these terminals. A number of terminals and fibers were also observed in the regio hypo thalamica posterior, where terminals formed a band continuing from the caudal level of the hypothalamus to the middle level (Chart 7). In the transverse sections, terminals were situated just ventro-lateral to the modified ependyma which is a richly vascularized struc ture (organum vasculosum) lying within the ependyma of the ventricle (6) . At the level through the caudal parts of the nucleus paraventricularis hypothalamicus, the regio hy pothalamica lateralis which is just ventro-medial to the tractus occipito-mesencephalicus et bulbaris contained a large number of the green-fluorescent fibers and terminals (Chart 8). This area is assumed to be the pathway of the medial forebrain bundle, in which the monoamine-containing neurons ascend from the lower brain stem.
The median eminence also contained a relatively large amount of green-fluorescence (Chart 6). The subependymal layer of this structure revealed varicose fibers which were strongly fluorescent. The diffuse and medium intense fluorescence was observed in the zone externa. On the other hand, the fiber layer contained only a small amount of fluo rescence. At the level just caudal to the commissura anterior (Chart 9), a considerable number of CA fibers with varicosities were observed to run toward the septal region and telence phalon through the area between the ventricle and the occipito-mesencephalicus et bul baris. These fibers appear to be the constituents of the medial forebrain bundle (2) .
In contrast to these nuclei described above, the ventromedial regions of the regio hypothalamica posterior including the nucleus hypothalamicus ventromedialis and the regio hypothalamica anterior had actually no fluorescent terminals and fibers (Charts 6-9). The same was true of the ventro-medial angle of the preoptic region (Chart 9).
Terminals of the 5-HT type
In nialamide-treated chickens, a few 5-HT terminals and fibers were observed around the B9 cell group (Charts 6 and 7) and in the regio hypothalamica posterior (Chart 7). On the other hand, 5-HT terminals were not observed in the epithalamic regions.
Preoptic region
Terminals of the CA type The periventricular zone (nucleus periventricularis preopticus) in this region was richer in CA terminals and fibers than the periventricular zone in the hypothalamus. Moreover, the nucleus commissurae anterior was also innervated by numerous green fluorescent fibers (Chart 9). In the regions of the preoptica lateralis and nucleus supra opticus pars diffusa, the fluorescent fibers and terminals were few.
Terminals of the 5-HT type At the level just caudal to the decussation of the anterior commissural fibers (Chart 9), a diffuse yellow fluorescence was seen along the midline in nialamide-treated chickens. This fluorescence is attributed to the 5-HT containing axons which ascend in the medial forebrain bundle and pass through this area (2).
Septal area
Terminals of the CA type The nucleus accumbens located in the area ventral to the lateral ventricle was inner vated by a large number of CA terminals and fibers (Chart 9). These terminals were very densely packed and often had a dotted appearance. The nucleus septalis pars medialis contained only a few green-fluorescent fibers and terminals.
Corpus striation Although, according to Pscheidt and his co-workers, the corpus striatum contains high amounts of both CA and 5-HT (5, 7, 8) , typical, varicose terminals and fibers were not detected in this study. This is presumably due to the presence of very fine terminals and fibers. A diffuse-yellow fluorescence corresponding to 5-HT was observed in the archi striatum (Chart 8).
DISCUSSION The topographical distribution of monoamine-containing cells in the brain of the chicken has already been reported in a previous paper (1) . Except for one group containing both CA and 5-HT found in the hypothalamus, the remaining cell groups were present either in the mesencephalon or in the medulla oblongata. In this paper, various regions or nuclei of the CNS of the chicken were demonstrated to be innervated by monoaminer gic neurons.
A few, fine CA terminals or diffuse, sparse 5-HT terminals in the spinal cord of the chicken appear to be derived from monoamine-containing cell groups, Al and A2 or BI and B2 in the medulla oblongata as shown in a previous paper (1) . In contrast to the findings in the spinal cord of the rat (3, 4) , the monoamine-containing terminals in the chic ken were less in number and weaker in fluorescence intensity. In the mammal, it has been proposed that the monoamine-containing neurons in the spinal cord play an inhibitory or a regulatory role in the function of the interneurons in the spinal cord (9, 10) . However, the roles of CA and 5-HT neurons in the spinal cord of the chicken have yet to be clarified.
Among the nuclei of the cranial nerves, the nucleus vagus motorizes dorsalis, nucleus vagus motorius ventralis, nucleus facialis motorius and nucleus oculomotorius acceso rius make close contact with the CA terminals. These findings suggest that the activi ties of these nerves are regulated by CA containing neurons. On the other hand, the nu cleus trigeminus of the chicken, in contrast to that of the rat (11), contained no CA terminals.
The fasciculus solitarius contained a very large number of CA terminals, although chickens have a poor gustatory function (12) . Hence this structure may be related to the other senses.
Of interest is the finding that 5-HT containing cells and non-fluorescent cells in the raphe system were surrounded with CA terminals. This indicates that the CA neurons moderate the functions of 5-HT neurons and non-fluorescent neurons (e.g. cholinergic neuron). A similar finding was also observed in the raphe system of the cat and the rat.
There were two large groups of CA terminals and fibers in the mesencephalon: one group was present ventro-lateral to A5 cell group in the nucleus tegmentalis dorsalis (pro bably homologus to nucleus coeruleus) and the other group together with A9 cell group at the rostral level of the mesencephalon. The former appeared to originate in the A5 cell group in the nuclues tegmentalis dorsalis and the CA cell groups in the lower area of the medulla oblongata, and to correspond to a dorsal bundle of the CA containing fibers in the rat (13) . On the other hand, the latter appears to derive from A6, A7, A8 and A9 cell groups in the rostral level of the mesencephalon, and to be equivalent to the ventral bundle in the rat (13) . These two bundles in the chicken as well as in the rat (13) may constitute the medial forebrain bundle in which the monoamine-containing fibers ascend. At the level through the caudal parts of the nucleus paraventricularis hypothalamicus, these as cending bundles were also observed in the regio hypothalamica lateralis just veil tro-medial to the tractus occipito-mesencephalicus et bulbaris. At the level just caudal to the commis sura anterior, they ran toward the septal area and appeared to be distributed throughout the telencephalon. Since there is only one particular structure containing both CA and 5-HT, i.e. the modified ependyma (A10 and B9), in the diencephalon of the chicken, most of the CA and 5-HT terminals that were densely observed in the epithalamus, thalamus and hypothalamus appear to be derived from the monoamine-containing cells of the lower brain stem rather than the diencephalon and to be projected into the ascending bundle as described above.
The nucleus arcuatus in the rat hypothalamus consisted of dopamine-containing cells (group A12 in Darlstrom and Fuxe (14) ) and sent axons to the external layer of the median eminence (11) . However, a corresponding nucleus in the chicken hypothalamus was not observed. This may partly explain why the fluorescence of the external layer of the chicken median eminence is not so strong as in mammals (15, 16) .
In the chicken, the nucleus ovoidalis and nucleus geniculatus apparently does not contain CA terminals and the nucleus rotundus had a few, fine terminals. This data differs from the findings of Fuxe and Ljunggren (6) in the pigeon, These differences may be due to the eating habits involved with 2 different species.
Both CA and 5-HT containing cells had relative intense fluorescence even two days after the chickens had been hatched. Moreover, the fluorescence intensity of the terminals attained mature levels about two weeks after the hatching. These findings concerning the postnatal ontogeny of monoamine-containing neurons are in agreement with findings in the median eminence and the infundibular stem (16) . Since the monoamine levels in the CNS in mammalian species increase concurrently with the manifestation of maturation of the CNS (17) the chicken brain appears to mature at an earlier stage after birth. This is supported by the fact that one-day old chicks exhibit stereotyped behavior and relative mature brain electrical activity (18) .
Effect of reserpine on both CA and 5-HT containing cells has already been reported in a previous paper (1) . Two and four hours after administration of reserpine (3 mg/kg, i.m.), the fluorescence of almost all monoamine-containing cells disappeared almost com pletely, while a weak to medium fluorescence in certain CA terminals of the brain remained (e.g. in the mesencephalon, hypothalamus, preoptic region and septal area). Moreover, recovery of the fluorescence in the CA terminals was delayed considerably in comparison with that of the CA cells. These findings suggest that there is a higher concentration of monoamines in the terminals than in the cells and that the monoamines synthesized in the cells are distributed to the terminals via the axonal flow, although monoamines are also synthesized in the terminals. Direct evidence concerning axonal flow has been discussed elsewhere (13) .
In chickens, changes in the fluorescence in the terminals induced by administration of nialamide or reserpine plus mialamide showed almost the same sequences as in the rat (11) or pigeon (6) . The fluorescence of 5-HT neuron increased markedly or moderately but that of CA neuron increased slightly after the treatments. Therefore, monoamine oxi dase appears to be significantly more important for 5-HT metabolism than for CA meta bolism in the chicken brain as well as in the pigeon (6) and rat (11) brains.
Since both L-3, 4-dihydroxyphenylalanin (L-Dopa) and 5-hydroxytryptophan (5-HTP) after nialamide treatment caused a marked increase in the background fluorescence, an increase in the fluorescence not only of the terminals and fibers but also of the cells was hardly visible. This phenomenon appears to be due to the presence of a large amount of L-Dopa and 5-HTP in the parenchyme of the brain, as the endothelium of the chicken brain capillaries contain neither L-Dopa decarboxylase nor 5-HTP decarboxylase which consti tute the enzymatic barrier against the precursors of the monoamines (19, 20) .
